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VACUUM PACKAGING MACHINE 



The present invention relates to a vacuum packaging machine for performing 
5 a vacuum sealing operation on product packages. 

Vacuum packaging machines of a known type comprise a vacuum chamber 
arranged to receive at least one unsealed product package and oj>erable to performs 
vacuum sealing operation on the at least one product package. Typically the product 
packages are products such as food stuff arranged in a bag formed by a heat- 
1 0 shrinkable film. After loading and closing the vacuum chamber, the vacuum sealing 
operation normally comprises vacuumisation, sealing the mouth of the vacuumised 
bags, and reintroducing air into the chamber. Then the chamber is opened and the 
vacuum chamber is unloaded. The product packages may then be conveyed to a 
heat-shrinking unit, typically a hot water tunnel or a dip tank. 
15 The vacuumisation step typically takes at least 20-30 seconds which is mostly 

wasted time in the overall packaging process. During this time, the only step which 
can be taken is to prepare the next product packages for loading into the vacuum 
chamber, for example by conveying them onto an in-feed conveyor. Accordingly, 
the vacuum packing machine causes a bottle-neck in the overall packaging process. 
20 According to the present invention, there is provided a vacuum packaging 

machine for performing a vacuum sealing operation on product packages, comprising 
a vertical stack of vacuum chambers each arranged to receive at least one unsealed 
product package and operable to perform an independent vacuum sealing operation 
on the at least one product package. 
25 The provision of more than one vacuum chamber in the vacuum packaging 

machine allows respective vacuum chambers to perform a vacuum sealing operation 
while another vacuum chamber is being loaded and/or unloaded. Therefore, the 
machine may minimise the wasted time in the vacuum packaging process. 
Consequently, the present invention can increase through-put and increase 
30 productivity of a packaging line including the machine. Furthermore, by arranging 
the vacuum chambers in a vertical stack, this increase in productivity may be 
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achieved without significantly increasing the floor area of the vacuum packaging 
machine. The extra vacuum chambers only increase the height of the machine. This 
is a significant advantage in manufacturing plants where increasing the footprint of 
the vacuum packaging machine would create real problems but where there is 
5 normally space to increase the height of the machine. 

Preferably, the vacuum packaging machine further comprises a conveyor 
arrangement operable to load and unload a selective vacuum chamber with the at 
least one product package, the machine being operable to operate the respective 
vacuum chambers to perform the vacuum sealing operation while the conveyor 
10 arrangement is operated to load and unload another vacuum chamber. 
Iq The conveyor arrangement can automatically load and unload selected 

^ vacuum chambers. Operation of one or more of the vacuum chambers while the 

P conveyor arrangement is loading and unloading another vacuum chamber reduces the 

-f» amount of time wasted, thereby increasing through-put and increasing productivity of 

s" 15a packaging line including the machine. 

" Preferably, the machine is operable to operate the conveyor arrangement to 

£3 load and unload the vacuum chambers in a cyclical sequence and synchronously to 

fg operate the respective vacuum chambers to perform the vacuum sealing operation on 

the at least one product packages after loading. 
20 Such a cyclical operation allows the machine to be utilised in an automatic 

continuous packaging line. It is desirable that the number of vacuum chambers is 
sufficient relative to the duration of the vacuum sealing operation to allow the 
conveyor arrangement to operate continuously because this minimises the amount of 
wasted time. Time wastage can be reduced further by designing the conveyor 
25 arrangement to load and unload the vacuum chambers more rapidly. The described 
embodiments include particularly suitable conveyor arrangements as follows. 

Preferably, the conveyor arrangement includes at least one in-feed conveyor 
operable to load a selected vacuum chamber with the at least one product package. 

Preferably, the conveyor arrangement includes at least one out-feed conveyor 
30 operable to unload a selected vacuum chamber with the at least one product package, 
although as an alternative the in-feed conveyor may be operable in reverse to unload 
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a selected vacuum chamber. 

Provision of separate in-feed and out-feed conveyors allows the loading and 
unloading to occur simultaneously, preferably with the in-feed and out-feed 
conveyors being linked by an internal conveyor in each vacuum chamber. 
5 Preferably, the at least one in-feed conveyor and/or the at least one out-feed 

conveyor are vertically movable to select the vacuum chamber to be loaded. 
Additionally or alternatively, the plurality of vacuum chambers ^re movable. together 
relative to the conveyor arrangement to select the vacuum chamber to be loaded and 
unloaded. 

1 0 The conveyor arrangement may include a plurality of in-feed conveyors 

and/or out-feed conveyors which are movable together. In this case, the vacuum 
chambers are preferably have a regular spacing and the in-feed conveyors and/or out- 
feed conveyors have a relative spacing equal to the spacing between the vacuum 
chambers. This allows more than one vacuum chamber to be loaded and/or unloaded 

15 simultaneously. 

Desirably, the vacuum chambers each have a sealing bar arranged along a 
side of the respective vacuum chamber for sealing the at least one product packages, 
preferably extending along the internal conveyor. This prevents the sealing bar from 
hindering loading and unloading improves the automatic operation of the machine 

20 because the product packages always have the same orientation. 

Advantageously, the vacuum chambers and/or the in-feed conveyors and/or 
the out-feed, conveyors have a modular construction. This allows the modular parts 
to be added and removed in order to assemble the machine with a variable number of 
the parts in order to provide a productivity and cost appropriate to the particular 

25 packaging line in which the machine is used. Thus, this modular construction 

increases the flexibility of the machine and allows it to be used in different packaging 
lines. This flexibility is particularly advantageous with the vacuum chambers being 
arranged in a vertical stack because the productivity of the machine may be altered 
whilst covering the same floor space within the manufacturing plant because only the 

30 height of the machine is altered. 

Advantageously, each vacuum chamber comprises at least two parts which 
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are relatively vertically movable to open and close the vacuum chamber. This 
construction for the vacuum chambers is advantageous because it allows for a simple 
machine design, lower manufacturing costs and simple servicing and maintenance 
operations as compared to a vacuum chambers which are open and closed by the 
5 provision of doors. 

In order that the present invention may be better understood, the following 
description of preferred embodiments is given by way .of non-limitative -example 
with reference to the accompanying drawings in which: 

Fig. 1 is a top plan view of a packaging line including a vacuum packaging 
10 machine which is a first embodiment of the present invention; 

Fig. 2 is a schematic sectional side view of a first arrangement for a vacuum 
packaging machine according to the present invention; 

Fig. 3 is a schematiclsectional side view of a second arrangement for a 
vacuum packaging machine according to the present invention; 
1 5 Fig. 4 is a schematic sectional side view of a third arrangement for a vacuum 

packaging machine according to the present invention; 

Fig. 5 is a schematic sectional side view of a fourth arrangement for a vacuum 
packaging machine according to the present invention; 

Fig. 6 is a detailed siide view of a vacuum packaging machine according to the 
20 present invention; 

Fig. 7 is a partial enlarged view of the vacuum packaging machine shown in 
Fig. 6 and showing a vacuum chamber and a drive mechanism for opening and 
closing a vacuum chamber in an overlapping view; 

Fig. 8 is a side view of the drive mechanism of Fig. 7 in isolation in a first 
25 position; 

Fig. 9 is a cross -sectional view taken along line IX-IX of the drive 
mechanism in the first position of Fig. 7; 

Fig. 10 is a side view of the drive mechanism in the second position; and 
Fig. 1 1 is a cross-sectional view taken along line XI-XI of the drive 
30 mechanism in the second position of Fig. 10. 

Fig. 1 is atop plan view of a vacuum packaging machine 1 which is an 
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embodiment of the present invention arranged in a packaging line 13 constituted by a 
series of conveyors. At a bagging section 14, products are bagged in heat-shrinkable 
film bags, or alternatively in small pouches made from thin films, and arranged on 
line 13 as product packages 2. A vacuum packaging machine 1 performs a vacuum 
5 sealing operation on the product packages 2 which are then output back onto the 

packaging lines 13 which conveys them through a shrink tunnel 15 to perform a heat- 
shrinkiag .operation. The product packages J2 move jcontinuously through the shrink 
tunnel 15 which is advantageous over heat-shrinking of products in batches where it 
is difficult to obtain uniform shrinking of the packaging around each product as a 

10 result of contact or proximity between the various product packages 2. 

Figs. 2 to 5 are sectional side views of various arrangements for the vacuum 
packaging machine 1. Figs. 2 to 5 are schematic for ease of understanding of the 
overall arrangement and operation. Details of the structure of the vacuum packaging 
machine are given subsequently. 

15 The vacuum packaging machine 1 has a body 3 supporting a plurality of 

vertically stacked vacuum chambers 4. As can be seen in Fig. 1, since the vacuum 
chambers 4 are stacked vertically, they only occupy the same floor space as a single 
vacuum chamber. Except as described below, each vacuum chamber 4 is in itself of 
conventional construction and performs a vacuum sealing operation in a conventional 

20 manner. 

Each vacuum chamber 4 has a modular construction allowing vacuum 
chambers to be added or removed from the vacuum packaging machine 1. For 
example, in the arrangement illustrated in Fig. 2, there are two vacuum chambers 4a, 
4b. In the arrangements illustrated in Figs. 3 and 4, an additional vacuum chamber 
25 4c has been added so that there are three vacuum chambers 4a, 4b, 4c. In the 

arrangement illustrated in Fig. 5, there are four vacuum chambers, 4a, 4b, 4c, 4d. 
fet^-yftf^w ^ r.hnm hens -4 h?y a n -intern al-chambereonvey or-5-to-convey» 
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product packages 2 therethrough, add a respective sealing bar 12 arranged along one 



side of the chamber extending along 
Provision of a sealing bar 12 on the 



the corresponding chamber conveyer 5. 
jlide of the chamber conveyor 5 facilitates 
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^T&a ch ' Chaiiibei has - a ro o poctive entrance 6 and exit 7. Opcning - and xloslug'uf 
th^vacro m chambers is - dc3cri b cd in more detail subsequentl y. 

At least one in-feed conveyor 8 and at least one out-feed conveyor 9 are 
5 provided on opposite sides of the vacuum chambers 4 facing entrances 6 and exits 7. 
The in-feed and out-feed conveyors 8, 9 are independently vertically moveable, for 
example hetween_a lower-pDsition shown in J?old outline in Fig- JZ for loading^and 
unloading the lower vacuum chamber 4a and a higher position shown in dotted 
outline in Fig. 2 for loading and unloading the upper vacuum chamber 4b. 
10 The in-feed conveyors 8 and the out-feed conveyors 9 have a modular 

construction allowing additional conveyors to be added or removed. In the 
arrangements illustrated in Figs. 2 and 3 only a single in-feed conveyor 8 and an out- 
feed conveyor 9 are used. In the arrangements illustrated in Figs. 4 and 5, conveyors 
have been added so that there are a pair of in-feed conveyors 8a, 8b and a pair of out- 
15 feed conveyors 9a, 9b. Where plural in-feed or out-feed conveyors 8, 9 are provided, 
these are arranged in a vertical stack with the in-feed conveyors 8 being moveable 
together as a unit and the out-feed conveyors being moveable together as a unit. 
^j^^>^ -A-fixed input -e onveyor - lOis pra vided^te-rece iv e u ns e al e d - p r o duct p a ckages 2- 
-^^^into the machine 1 fromj^iotilTalong packaging line 13 and supply them to the 
20 in-feed conyeyof^Another fixed output conveyor 1 1 receives sealed packages 9 
-the -Qut-feedLc o nvevor 9. and outputs the m^ alonfl line 13 , 

In an alternative construction, the at least one in-feed and out-feed conveyors 
8, 9 are fixed in the position shown in bold in Fig. 2 and the vacuum chambers 4 are 
movable together vertically between upper position, as shown in Fig. 2, for loading 
25 and unloading the lower vacuum chamber 4a and a lower position in which the 

vacuum chamber 4b is aligned with in-feed and out-feed conveyors 8, 9 for loading 
and unloading. 

All the conveyors 5, 8, 9, 10, 11 are indexed, that is they are driven to execute 
an indexing motion. 

30 The vacuum chambers 4 are illustrated as accommodating two product 

packages 2, but they may be dimensioned to accommodate any number of product 
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packages 2. 

The vacuum packaging machine 1 is operated in a continuous cycle 
controlled by an electronic control unit (not shown), although manual control is an 
alternative possibility. Loading and unloading of the vacuum chambers 4 is 
performed in a cyclical sequence and the vacuum chambers are synchronously 
operated to perform a vacuum sealing operation on the loaded product packages 2, 
including vacuumisation and sealing of the product packages 2 using the sealing bar 
12. Jn general the provision of plural vacuum chambers 4 allows the vacuum sealing 
operation to be performed in one vacuum chamber 4 whilst another vacuum chamber 
4 is being loaded and unloaded. 

Normally, the at least one in-feed conveyor 8 and out-feed conveyor 9 are 
synchronously moved vertically. An opposed in-feed conveyor 8 and out-feed 
conveyor 9 adjacent the fixed conveyors 10, 1 1 are operated synchronously to 
receive product packages 2 from the fixed input conveyor 10 and to supply sealed 
product packages to the fixed output conveyor 1 1, and are then moved adjacent one 
of the vacuum chambers 4. Similarly, an opposed in-feed conveyor 8 and out-feed 
conveyor 9 adjacent a given vacuum chamber 4 are operated synchronously to load 
the given vacuum chamber 4 with unsealed product packages 2 and simultaneously 
to unload the same vacuum chamber 4 with the sealed product packages 2. 

The advantage of providing plural in-feed and out-feed conveyors 8, 9 (as in 
the arrangements illustrated in Figs. 4 and 5) is that a given vacuum chamber 4 may 
be loaded and unloaded using a first in-feed conveyor 8 and out-feed conveyor 9 
simultaneously with supply to and from a second in-feed conveyor 8 and out-feed 
conveyor 9 from and to the fixed conveyors 10 and 11. 

The precise order of operation of the elements of the vacuum packaging 
machine 1 in a cycle depends on the number of vacuum chambers 4, in-feed 
conveyors 8 and out-feed conveyors 9 arranged in the vacuum packaging machine 1 . 
A possible cycle for the arrangement of the vacuum packaging machine 1 illustrated 
in Fig 2 is as follows and is illustrative of the cycle for other arrangements. 

-Ar an aibi Li aiy - stdiliiig p ein^w^k rth c cycl e, we -ean takc l h cv^i^aUviuch^ 
the vacuum sealing operation in the lower vacuum chamber 4a has just finished. At 
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t mdcrway T The lower vacuum chamber 4a is opened. Next, thfrffe o d ujiiveyois 
10, 1 1, the in-feed and out-feed conveyors 8, 9 and the lpvtfer chamber conveyor 5a 
are simultaneously operated (i) to load lower vadium chamber 4a with new unsealed 
product packages from the in-feed conveyofo, (ii) to unload the lower vacuum 
chamber 4a onto the out-feed copv^yor 9, and (iii) to supply new unsealed product 
packages 2 onto the in-feed conveyor 8. Exact synchronisation is preferable but 
some degree >of .m^eflap jnay he desirable. The lower vacuum .chamber 4a is then 
closed fopedmmencement of the vacuum sealing operation, that is vacuumisation of 
the^amfaer4a^rrd sealing of the pro duc t packages ^- by scali ng-bar-lA 

Quiiiiglhc - vacuum so aling -operat ion -in t h e lo wgr vacuum chamb er 4 ay 
loading and unloading of the upper vacuum^chpjntter 5 is performed. The out-feed 
conveyor 9 is operated briefly to clear^ealed products off it. Then the in-feed and 
out-feed conveyors 8, 9 are raised to the upper vacuum chamber 4b and when the 
vacuum sealing ope^on in the upper vacuum chamber 4b has finished, the upper 
15 vacuum charnb£r46 is opened. Simultaneous operation of the in-feed and out-feed 
convevofs 8, 9 and the upper chamber conveyor 5b loads and unloads the upper 
fwttttrchambei -4br- 

Subsequently, the upper vacuum chamber 4b is closed and the vacuum 
sealing operation in the upper vacuum chamber 4b is commenced. At the same time, 
20 the in-feed and out-feed conveyors 8, 9 are operated to load and unload the lower 
vacuum chamber 4a. That is to say, the in-feed and out-feed conveyors 8, 9 are 
lowered and then the in-feed conveyor 8 is operated simultaneously with the fixed 
conveyor 10 to fill the in-feed conveyor with new product packages 2 from in-feed 
conveyor 8 while the sealed packages move onto the out-feed conveyor 9. 
25 The cycle then repeats. 

Various modifications to the cycle are possible. For example, instead of 
simultaneously loading and unloading a vacuum chamber 4 by operating the in-feed 
and out-feed conveyor 8, a chamber conveyor 5 and out-feed conveyor 9 together, it 
is possible to operate in-feed conveyor 8 and out-feed conveyor 9 independently to 
30 perform loading and unloading separately. 

In the second arrangement shown in Fig. 3 employing three vertically stacked 
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vacuum chambers 4a, 4b, 4c, a possible cyclical sequence of operation is: to load 
and unload vacuum chamber 4a; to commence vacuum sealing operation in the lower 
vacuum chamber 4a and simultaneously to load and unload the middle vacuum 
chamber 4b; to commence the vacuum sealing operation in the middle vacuum 
5 chamber 4b and simultaneously to load and unload the vacuum chamber 4c; to 
commence the vacuum sealing operation in the upper vacuum chamber 4c and 
simultaneously to load .and unload -the lower vacuum chamber-4a onceits own 
vacuum sealing operation has finished. 

In the third arrangement shown in Fig. 4, by employing three vacuum 

10 chambers 4a, 4b, 4c with a pair of in-feed conveyors 8a, 8b and a pair of out-feed 

conveyors 9a, 9b it is possible to simultaneously (i) operate one in-feed conveyor and 
out-feed conveyor (ii) load and unload product packages 2 from one vacuum 
chamber 4 and (iii) operate the other in-feed conveyor to fill it with new unsealed 
product packages 2 and the other out-feed conveyor to empty it of sealed product 

15 packages 2. This saves time in the operation cycle as compared to arrangements 
having a single in-feed conveyor 8 and a single out-feed conveyor 9. 

The fourth arrangement illustrated in Fig. 5 has two separated pairs of 
vacuum chambers 4a, 4b and 4c, 4d and a pair of in-feed conveyors 8a, 8b and a pair 
of out-feed conveyors 9a, 9b having a relative vertical spacing equal to the vertical 

20 spacing between the vacuum chambers of each pair 4a, 4b and 4c, 4d. 

In each arrangement, at least some of the vacuum chambers 4 have a regular 
spacing and .the in-feed and out-feed conveyors 8, 9 have a relative spacing equal to 
the spacing between the vacuum chambers 4, this allowing loading and unloading of 
respective vacuum chambers 4 simultaneously. 

25 Any arrangement of the vacuum packaging machine 1 with a different 

number of vacuum chambers may be selected to suit the particular packaging line 13 
in which it is employed. Preferably the number of vacuum chambers is sufficient 
relative to the length of the vacuum sealing operation to allow the machine to handle 
the maximum rate of product package through-put on the packaging line. Therefore 

30 the preferred number and configuration of vacuum chambers depends both on the 

speed of the line and on the size of the vacuum chambers which is governed by the 
size of the product packaging. 
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The spacing between the vacuum chambers need not be vertical. They may 
instead be horizontally spaced or in a 2 dimensional array. 

Fig. 6 illustrates the detailed structure of the vacuum packaging machine 1 
illustrated schematically in Figs. 2 to 5, in particular with the arrangement shown in 
5 Fig. 4 of three vacuum chambers 4, two in-feed conveyors 8 and two out-feed 
conveyors 9. 

The in-feed conveyors 8a, 8b are mounted on respective supports 16a, 16b 
which are together shuttled vertically by linkage to an endless belt arrangement 17 
driven by a motor 18. Similarly the out-feed conveyors 9a, 9b are also mounted on 
1 0 respective supports 5 1 a, 5 1 b and shuttled vertically together by linkage to an endless 
belt arrangement 19 driven by a motor 20. 

chamber conveyor 5 and a cover 22 having circumferential hangin^^is^which 
in use form the side walls of the closed vacuum chamber4^*afious elements (not 
1 5 shown) are attached to the cover 22 including va^yj^^ipes, electrical tables and 
pneumatic pipes. The cover 22 is fixecHgrff?£body 3, whereas the base 21 is 
arranged to reciprocate verticalh^^pen and close the vacuum chamber 4. This 
means it is uimecessan^fnove the elements attached to the cover 22 which enables 
a simpler desigj^^Udso speeds up opening and closing. When closed, the base 21 
20 seals agam^^he hanging walls 23 of the cover 22 to maintain the vacuum during 
vacuamrisation. Respective pairs of guiding frames 52 are fixed to the body 3 to 



As an alternative, it would be possible to open and close the vacuum chamber 
4 by providing doors which may be hinged or which may slide perpendicularly to the 

25 movement of the product packages 2, for example on opposed trails. However, it is 
preferable to open and close the vacuum chamber 4 by forming it from at least two 
parts which are relatively movable vertically, because this allows a simpler machine 
design, lowers manufacturing costs and simplifies servicing and maintenance 
operations. This is particularly the case if one part is fixed, such as the cover 22, to 

30 which elements such as the vacuum pipes may be fixed, so that the movable part, 
such as the base 21, has only mechanical elements which are easily moved. 
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Respective identical drive mechanisms 24 are provided for moving the base 
21 of each vacuum chamber 4 to open and close the vacuum chamber 4. The drive 
mechanisms 24 are provided on the rear side of the body 3. The drive mechanisms 
24 for one of the vacuum chambers 4 is illustrated in Fig. 7 in an overlapping view 
5 with a vacuum chamber 4 to illustrate the location of the drive mechanism 24 and the 
linkage to the other parts of the vacuum packaging machine 1. In Figs. 8 to 1 1, a 
drive mechanism 24 is shown in isolation for clarity. 

The drive mechanism 24 is driven by a pneumatic cylinder 25 between the 
position shown in Figs. 8 and 9 where the base 21 is lowered and the position shown 
10 in Figs. 10 and 1 1 where the base 21 is raised. 

The drive mechanism 24 is supported on a first and second mounting blocks 
26, 27 fixed to the body 3 of the vacuum packaging machine 1 . The pneumatic 
cylinder 25 reciprocally drives a rod 28 in and out of the pneumatic cylinder 25. A 
cap 29 on the end of the rod 28 and the end 30 of the pneumatic cylinder 25 opposite 
15 to the rod 28 are both pivotally connected to respective angular levers 31, 32. The 
angular levers 3 1, 32 are themselves fixed on an axle 33, 34 rotatably mounted by a 
bearing to a respective mounting block 26, 27. A respective sector 35, 36 is fixed to 
each axle 33, 34 so as to rotate with the respective angular lever 31,32. The sectors 
35, 36 engage and drive respective cogs N 37, 38 rotatable mounted on a bearing within 
20 the respective mounting blocks 26, 27. The cogs 37, 38 are fixed on respective drive 
axles 39, 40 which protrude from the mounting blocks 26, 27 and mount a respective 
support lever 41, 42. 

Respective tracks 43, 44 are supported by studs 45, 46 fixed by a screw to the 
end of the respective support levers 41, 42 and positioned to slide along the tracks 
25 43, 44. The tracks 43, 44 are fixed to the underside of the base 2 1 of the vacuum 
chamber 4 and together support the base 2 1 . 

The operation of the drive mechanism 24 is as follows. 

When the base 21 is in its lowered position as illustrated in Figs. 8 and 9, 
actuation of the pneumatic cylinder 25 causes the pneumatic cylinder 25 and rod 28 
30 to be driven apart. This forces the angular levers 3 1, 32 to rotate away from each 
other, towards the position illustrated in Fig. 10. This movement of the angular 



-12- 

levers 3 1, 32 drives the sectors 35, 36 away from each other which in turns drives the 
drive cogs 37, 38 to rotate in opposite directions. Thus the support levers 41, 42 
connected to the cogs 37, 38 by the support axles 39, 40 are rotated in opposite 
directions towards one another. This causes the studs 45, 46 to move in an arc 
5 towards one another and thereby to reciprocate within the tracks 45, 46 and to raise 
the tracks 43, 44 which raises the base 21 to the position illustrated in Figs. 10 and 
11. 

Similarly, actuation of the pneumatic cylinder 25 to retract the rod 28 drives 
motion of the drive mechanism 24 in the opposite direction to lower the base 21 . 

10 In addition, the mounting blocks 26, 27 are provided with respective rotatably 

mounted arms 48, 49 thereon. The arm 49 of the first mounting block 26 has a 
reverse gear 50 which engages the axle 33 of the first mounting block 26. The arm 
48 of the second mounting block 27 is fixed to and rotates with the angular lever 32 
supported by the first mounted block 27. Thus the second arm 49 is rotated in the 

15 opposite direction to the axle 33, that is in the same direction as the first arm 48. The 
arms 48, 49 are linked together by a rod 47 which acts as a linkage to synchronise 
rotation of the elements of the drive mechanism 24 mounted to the first and second 
mounting blocks 26, 27. The rod 47 also provides structural rigidity between the 
mounting blocks 25, 26 to avoid mechanical distortion of the guiding frames 52 

20 provided at the sides of the vacuum chamber 4. 



